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Conditional Diffusion Model-based Imputation Method for
Missing Satellite Telemetry Data

PANG Zhao-Chen"? LIU Ming"?> ZHANG Li-Xian"? CAO Xi-Bin"> DUAN Guang-Ren"?

Abstract Satellite telemetry time-series data is critically valuable for applications like remote sensing monitoring
and navigation positioning, and is also effective for monitoring satellite health status. However, these data often suf-
fer from missing values caused by complex factors such as sensor malfunctions and data transmission errors, which
severely impair data integrity and usability, potentially leading to erroneous decisions. To address this, a satellite
time-series completion method based on multivariate conditional diffusion model is proposed to improve the accur-
acy of missing value imputation in satellite telemetry data. The method first incorporates a conditional diffusion
method that uses observed satellite data as conditional input to generate data by modeling the posterior distribu-
tion of the missing values. Preliminary linear imputation is applied to the incomplete samples during generation to
enhance the stability of the model. Furthermore, a residual module integrating a temporal attention layer and a
gated activation unit serves as the core prediction network, effectively capturing temporal dependencies in the mul-
tivariate telemetry data for precise reconstruction of missing values. Finally, Extensive experiments were conducted
on a momentum wheel telemetry dataset from a communications satellite and on public time-series datasets. The
experimental results show that the proposed method delivers robust performance and generalization ability across
varying missing rates, outperforming existing methods in both accuracy and stability.
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Fig.2  Architecture diagram of noise prediction network
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Fig.3 Schematic diagram of time-series data
missingness pattern classification
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Table 3  Experimental results comparison of MCDM and
Diffusion-TS under different missing rates (MAE)
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Fig.4  The line chart of completion results (MAE) for
MCDM and Diffusion-T'S models under
different missing rates
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Table 4 In dataset B (MuJoCo), the mean squared error
(MSE) of imputation results under different missing

rates, with all results multiplied by 1e—3
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RNN GRU-D™ 11.34 14.21 19.68
ODE-RNN®! 9.86 12.09 16.47
Latent-ODE! 3.00 2.95 3.60
NRTSI® 0.63 1.22 4.06
SSSD# 0.59 1.00 1.90
MCDM 0.60 0.72 0.93
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